Cl-/base exchange in rat mesangial cells: Regulation of intracellular pH  by Ferdows, Majdeldin et al.
Kidney International, Vol. 35 (1989), pp. 783—789
C1/base exchange in rat mesangial cells: Regulation of
intracellular pH
MAJDELDIN FERDOWS, KEIVAN G0LcHINI, SHARON G. ADLER, and Iit KURTZ
Division of Nephrology, Department of Medicine, UCLA School of Medicine, Los Angeles, and Division of Nephrology, Department of
Medicine, Harbor-UCLA Medical Center, Torrance, California, USA
C1/base exchange in rat mesangial cells: Regulation of intracellular
pH. The present study was designed to determine whether rat glomer-
ular mesangial cells possess Cl-dependent intracellular pH (pH1)
regulatory processes. Rat glomerular mesangial cells were grown to
confluence on glass coverslips. Intracellular pH (pH) was measured
with BCECF. Steady state pH1 in HC03 containing solutions was 7.08
0.03 (N = 13). When extracellular Cl was acutely removed, pH
increased at a rate of 0.57 0.03 pH/mm units (N = 8), P < 0.001.
DIDS (0.5 mM) significantly decreased the rate of increase in pH1 to 0.34
0.04 pH/mm, P < 0.01. Na removal and amiloride (1 mM) did not
alter the increase in pH1 induced by Cl removal. Steady state pH1 in
the absence of C1 was significantly increased above control, 7.39
0.02 (N = 7), P < 0.001. Following the acute alkalinization of pH1 by
CO2 removal, pH1 recovered at a rate of 0.07 0.01 pH/mm (N = 9). In
the absence of Cl, the pH1 recovery rate was significantly decreased to
0.01 O.O8 pH/mm (N = 5), P < 0.01. DIDS (0.5 mM) significantly
decreased the rate of pH1 recovery to 0.02 0.01 pH/mm (N = 5), P <
0.01. Na removal and amiloride (1 mM) had no effect on the rate of pH
recovery following acute alkaline loading. Following acute acidification
of pH1 using the NH4CI prepulse technique. pH failed to recover in the
presence of HC03 (25 mM) and Cl (119 mM) in the absence of Na
Upon exposure to Na (140mM), pH1 recovered at a rate of 0.62 0.05
pH/mm (N = 7). Amiloride (1 mM) significantly decreased the rate of
pH1 recovery in the presence of HCO3 (25 mM) to 0.10 0.05 pH/mm(N = 9), P <0.001. DIDS (1 mM) decreased the rate of recovery to 0.45
0.04 pH/mm (N = 6), P < 0.05. These results indicate that glomerular
mesangial cells possess a Na-independent C1/base exchanger which
regulates pH1 following acute intracellular alkalinization but not follow-
ing intracellular acidification. Conversely, Na dependent pH1 regula-
tory processes (predominantly the Na/H antiporter and to a lesser
extent Na dependent Cl/base exchange), regulate pH1 only following
acute intracellular acidification.
During systemic acid-base disorders, the pH of renal arterial
blood becomes abnormal making it necessary for glomerular
cells to be able to regulate intracellular pH. Marked changes in
intracellular pH (pH1) could perturb glomerular cell metabo-
lism, contractile ability and transport [1]. Recently cultured rat
glomerular mesangial cells have been shown to possess a Na/
H antiporter which contributes to the recovery of pH1 follow-
ing acute intracellular acidification in the nominal absence of
HC03 [2, 3]. It is presently unknown whether rat mesangial
cells possess other Na-coupled or Cl-coupled pH1 regulatory
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pathways. These latter transport processes could play a greater
role in pH1 regulation in cells exposed to more physiologic
HC03 containing solutions.
Glomerular mesangial cells are exposed not only to acute
decreases in extracellular pH but also to acute increases in
extracellular pH during respiratory and/or metabolic alkalosis.
The mechanism by which mesangial cells regulate pH1 following
intracellular alkalinization is unknown. In several mammalian
cells, recovery of pH1 following an elevation of pH1 is mediated
by a Na -independent Cl/base exchanger [4—8]. Most studies
have failed to find a role for this exchanger in regulating pH,
following intracellular acidification [5, 7, 9—11]. In the present
study, the transport mechanisms responsible for pH1 regulation
following acute intracellular alkalinization and acidification
were investigated in rat glomerular mesangial cells bathed in
HC03 containing media.
Methods
Culture of rat mesangial cells
Male 250 g Sprague-Dawley rats were anesthetized, the renal
veins transected, and the kidneys perfused with saline until
bloodless. Glomeruli were isolated over graded sieves [12] and
assessed microscopically for contamination by non-glomerular
elements. Resultant glomeruli, more than 85% pure, were
washed in Hanks balanced salt solution (Irvine Scientific, Co.,
Irvine, California, USA), and placed into culture flasks
(Corning Glass Co., Corning, New York, USA) with medium as
described by Harper et al [13] containing penicillin (50 U/mI)
and streptomycin (50 g/ml). Primary cultures were passaged
after three to four weeks and subcultured thereafter when
confluent. Cells were characterized by: 1) their morphological
appearance by phase contrast and electron microscopy; 2) their
appearance after staining with antibodies to actin and myosin
(Biomedical Technologies, Inc., Cambridge, Massachusetts,
USA), Factor VIII (Synbiotics, San Diego, California), and
cytokeratin (Bio Genex Laboratories, Dubline, California,
USA) by standard immunofluorescence or immunoperoxidase
techniques; 3) their ability to contract in response to arginine
vasopressin 10—6 M or angiotensmn II l0 M as described by
Venkatachalam and Kreisberg [14]; and their ability to grow in
the presence of D-valine [15]. Three separate culture lines were
utilized. Cultures were studied at the second passage and at the
fortieth to sixtieth passages.
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Swiss 3T3 cells were cultured in Dulbecco's Modified Eagle's
medium (high glucose), fetal calf serum, 1% L-glutamine and
1% penicillin-streptomycin to provide conditioned medium for
the mesangial cells 13].
All experiments in the present study were performed on
confluent cell monolayers grown on glass coverslips.
Measurement of pH,
pH1 was measured with BCECF on confluent cell monolayers
as previously described using a Perkin Elmer LS-5 fluorometeç
[7]. Calibration of intracellular BCECF fluorescent excitation
ratios was performed as previously described after each exper-
iment using high-K nigericin solutions set to various pH
values [7], dpH1/clt was measured in the initial 30 seconds
following a solution change. All figures show the results of
representative experiments.
Solutions
The composition of the solutions used was as follows: Nat,
140 mM; K, 5 mM; Cl, 119 mM; phosphate, 2.5 mM; Ca2, 1
mM; Mg2, 1 mM; HC03, 25 mM; glucose, 5 mM; equilibrated
with 5% C02/95% 02, pH 7.4. When Na free solutions were
used, tetramethylammonium chloride replaced NaC1 and tetra-
methylammonium bicarbonate replaced NaHCO3. Tetrameth-
ylammonium bicarbonate was made by equilibrating tetrameth-
ylammonium hydroxide with 100% CO2. In C1 free studies,
Cl was replaced with equimolar gluconate and total Ca2
increased to 3.5 m. When Na and Cl free solutions were
used, NaC1 was replaced by tetramethylammonium gluconate.
Tetramethylammonium gluconate was made by reacting tetra-
methylammonium hydroxide with equimolar D-gluconic acid
lactone. In HC03 free studies, the solutions were buffered
with HEPES (5 mM), equilibrated with 100% 02, pH 7.4.
Materials
BCECF-AM was from Molecular Probes Inc. (Junction City,
Oregon, USA); 4, 4'-diisothiocyanostilbene-2,2'-disulphonic
acid (DIDS) was purchased from Sigma Chemical Co. (St.
Louis, Missouri, USA). A stock solution of 100 mM DIDS
(dissolved in DMSO) was made on the day of study and kept in
the dark. Tetramethylammonium chloride (Aldrich Chemical
Co.), tetramethylammonium hydroxide (Sigma Chemical Co.),
D-gluconic acid lactone (Sigma Chemical Co.), sodium gluco-
nate (Sigma Chemical Co.), calcium gluconate (Sigma Chemical
Co.), magnesium gluconate (Sigma Chemical Co.), nigericin
(Sigma Chemical Co.), and amiloride hydrochloride dihydrate
(Merck Sharp and Dohme, West Point, Pennsylvania, USA)
were used in this study.
Statistics
Results are reported as mean SEM. The unpaired Student's
t-test was used to compare group means.
Results
Mesangial cell characterization
Mesangial cells had a stellate appearance by phase contrast
microscopy and grew in an overlapping pattern. Ultrastructural
analysis revealed the presence of intracellular filaments and
occasional dense bodies. During primary culture, cells within
I
CO2HCO
and occasionally surrounding the glomerulus stained positively
for cytokeratin and Factor VIII, suggesting the presence of
epithelial and endothelial cells, respectively, in the early cul-
ture. By the time of the first passage, and in all subsequent
passages, no cells stained positively for cytokeratin or Factor
VIII. Cultured cells stained positively for actin and myosin, and
contracted in response to angiotensin II (early passages) or
arginine vasopressin (early and late passages). Multiply pas-
saged cells continued to grow in the presence of D-valine.
Plasma membrane Ct/base exchanger
Steady state pH1 in mesangial cells bathed in a HC03
containing solution, pH 7.4, was 7.08 0.03 (N = 13). When
extracellular C1 was decreased from 119 to 0 m (Fig. 1, Table
1) pH1 increased by 0.29 0.02 pH units (N -=8) at a rate of 0.57
0.03 pH/mm, P < 0.001. Steady state pH1 in cells bathed in
the presence of HCO3 (25 mM) in the nominal absence of C1
remained significantly greater than control pH1, 7.39 0.02
(N 7), P < 0,001, When C1 was removed acutely in the
presence of 0.5 mM DIDS (exposure time 30 mm), the pH1
increase was significantly less than control, 0.17 0.02 pH
units (N = 4) as was the initial rate of increase in pH1, 0.34
0.04 pH/mm, P < 0.01 (Table 1). When the cells were exposed
to Na-free solutions or amiloride (1 mM), the increase in pH1
induced by acute C1 removal was not significantly different
from control (Table 1).
If mesangial cells possess parallel Cl and H/OH/HC03
NaCI
7.31
pH1
1mm
6.92
Fig. 1. Effect of acute Ct removal of pH1. Cells were bathed in the
presence of Na (140mM), C1 (119mM), and HC03 (25mM), pH 7.4.
The external solution was exchanged with a nominally Cl-free solu-
tion. pH increased by 0.29 0.02 pH units (N = 8).
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Table 1. Rate of increase of pH1 following acute chloride removal
Control Sodium free
DIDS
0.5 mrvt
Amiloride
1 mM HEPES
dpH1/dt 0.57
pH/mm
Initial pH1 7.07N
0.03
0.03
8
0.52 0.03
6.91 0.06
5
0.34 0.04
7.19 0.02
4
0.69 0.10
7.04 0.09
4
0.61
6.88
0.05
0.03
3
a P < 0.01 versus control
CO2HCO3-
NaCI
HEPES
pH1
7.60
7.36
Fig. 2. Acute elevation of pH by CO2
removal in the presence of C1 and Na'.
Cells were bathed in a solution containing
Na (140 mM), Cl (119 mM), and HC03 (25
mM), pH 7.4. The external solution was
exchanged with a solution containing Na
(140 mM), C1 (144 mM), HEPES (5 mM)
resulting in a rapid cellular efflux of CO2.
Following the acute elevation of pH, pH
recovers at a rate of 0.07 0.01 pH/mm (N =
1 mm 9).
Table 2. pH recovery following acute elevation of pH by CO2 removal
DIDS Amiloride
Control Sodium free Chloride free 0.5 mM 1 m
dpH/dt 0.07 0.01 0.07 0.01 0.01 0.008a 0.02 0.Ola 0.06 0.01
pH/mm
Maximum pH 7.40 0.08 7.34 0.06 7.97 0.l0 7.37 0.06 7.30 0.04
N 9 5 5 5 6
a p < 0.01 versus control
conductances, acute Cl— removal by depolarizing the cell
membrane potential would result in an elevation of pH1. To
determine whether a significant H/OH/HCO3 conductance
was present, the cell membrane potential was depolarized by
increasing extracellular K from 5 to 35 mtvi. pH1 in cells
exposed to 5 mrvi K was 7.08 0.03, N = 6, which was not
significantly different from cells exposed to 35 mM K, 7.06
0.03, N = 6. These results suggest that mesangial cells do not
possess a significant H!OH/HCO3 conductance.
The results are compatible with a Nat-independent C1-
coupled base transport process in rat mesangial cells. In a
separate series of studies, HC03 was replaced with HEPES (5
mM) and C1 was decreased from 144 to 0 m. Again pH1
increased by 0.31 0.02 pH units at a rate of 0.61 0.05 pHI
mm, (N = 3; Table 1) which was not significantly different from
the increase in pH1 observed when the cells were bathed in
HC03 buffered solutions. In separate experiments, the cell
buffer capacity was measured by quantitating the change in pH1
following the addition of 5 m NH4CI [161. Since the cell buffer
capacity in cells bathed in 25 mvi HC03, 27 6 mM/pH was
greater than in 5 mM HEPES, 12 3 mM/pH, the rate of influx
of base equivalents following Cl removal was greater than in
the presence of HC03.
Role of C1/base exchange in pH, regulation
The following series of experiments were performed to de-
termine the role of C1/base exchange in mesangial cell pH,
regulation. The cells were exposed to Na (140 mM), Cl (119
mM), HC03 (25 mM), pH 7.4. When this solution was acutely
replaced by a HEPES (5 mM) buffered solution, pH1 increased
acutely due to cellular CO2 efflux. Subsequently, pH recovered
at a rate of 0.07 0.01 pH/mm (N = 9) (Fig. 2, Table 2). When
similar studies were performed in the absence of extracellular
Cl—, the pH1 recovery rate decreased significantly to 0.01
0.008 pH/mm (N = 5), P < 0.001 (Fig. 3, Table 2). Since steady
state pH1 and maximum pH1 were higher in the C1 free group,
cell buffer capacity was determined by measuring the change in
pH1 induced by exposure of the cells to 5 m ammonium
gluconate. In the absence of C1, the cell buffer capacity was 39
7 mM/pH. The greater cell buffer capacity in the Cl free
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C02HC03
7,99 -
pH1
HEPES
group cannot account for the decrease in the pH1 recovery rate.
In the presence of DIDS (0.5 m, exposure time 30 mm), the
rate or pH1 recovery was also significantly less than control 0.02
0.01 (N = 5) P < 0.01 (Fig. 4, Table 2)) Na removal (Fig.
5, Table 2) and amiloride (1 mM) (Fig. 6, Table 2) did not alter
the rate of pH1 recovery. These experiments demonstrate that
following acute intracellular alkalinization, the Na-indepen-
'Note that following C1 removal, 0.5 mai DIDS inhibited the rate of
increase of pH1 by =40%, whereas following CO2 removal the rate of
recovery of pH1 was inhibited by =70%. The reason for the difference
in the degree of inhibition between these protocols requires further
study.
Fig. 4. Acute elevation of pH1 by CO2
removal in the presence of DIDS (0.5 mM).
The pH1 recovery rate was significantly
decreased to 0.02 0.01 pH/mm (N = 5).
dent C1/base exchanger plays an important role in returning
pH, towards the control value. Na-dependent transport pro-
cesses do not contribute to pH1 recovery following intracellular
alkalinization.
In order to determine whether the Na-independent C1/base
exchanger contributes to pH1 regulation following acute intra-
cellular acidification, pH, was decreased acutely using the
NH4CI prepulse technique [16]. The cells were exposed for five
minutes to NH4CI (20 mM), HC03 (25 mM), C1 (119 mM) in
the absence of Na (to inhibit Na"-dependent pH, regulatory
processes). Following the removal of NH4CI, pH1 decreased
acutely (Fig. 7). In the presence of Cl (119 mM) and HCO3 (25
mM) in the absence of Na, pH1 failed to recover and continued
NaGlu
I
1 mm
Fig. 3. Acute elevation of pH1 by CO2
removal in the absence of Cl. The pH,
recovery rate was significantly decreased to
0.01 0,008 pH/mm (N = 5).7.62 —
NaO
C02HC03 HEPES
DIDS
7.42 -
t,.uIluIsImuuIlIuIuIIIIIIprwuuuIptslIuIIlumtIuI.IIlIlIIuuIIIppIIlIIIlIp,
pH1
7.13-
1-
.
1 mm
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Fig. 5. Acute elevation of pH, by CO2
removal in the absence of Na. The pH
recovery rate was not significantly different
from control, 0.07 0.01 pH/mm (N = 5).
CO2HCO3-
7.26 —
pH
6.99 —
I . I1 mm
Fig. 6. Acute elevation of pH1 by CO2 removal in the presence of
amiloride (1 mM). The pH1 recovery was not significantly different from
control, 0.06 0.01 pH/mm (N = 6).
to decrease at a rate of —0.10 0.04 pH/mm (Fig. 7, Table 3).
When Na (140 mM) was added, pH1 recovered at a rate of 0.62
0.05 pH/mm (N = 7; Fig. 7, Table 3). Amiloride (1 mM), in the
presence of Na (140mM), Cl— (119 mM) and HC03 (25 mM),
significantly decreased the pH1 recovery rate to 0.10 0.05 pHI
mm (N = 9), P < 0.001 (Table 3). DIDS (0.5 mM) in the
presence of Na (140mM), C1 (119 mM) and HC03 (25mM),
decreased the pH1 recovery rate to 0.45 0.04 pH/mm (N = 6),
P < 0.05, Table 3. Amiloride (1 mM) completely inhibited the
Nat-dependent recovery of pH1 when identical experiments are
performed in HEPES buffered solutions (results not shown).
These results indicate that the Nat-independent Cllbase ex-
changer does not contribute to pH1 recovery following acute
intracellular acidification. Recovery of pH1 is mediated predom-
inantly by the Na/H antiporter in the presence of HC03
Given that mesangial cells lack a significant W/0H/HC03
conductance, the small DIDS-inhibitable Na and HC03-
dependent recovery process is probably not mediated by an
electrogenic Nat/base cotransporter and likely represents a
Nat-dependent Cllbase exchanger.
Discussion
Rat glomerular mesangial cells possess a Na-independent
C1/base exchanger which regulates pH1 following acute intra-
cellular alkalinization. The exchanger does not contribute to
pH1 regulation following acute intracellular acidification. The
finding that a Nat-independent CYibase exchanger regulates
pH1 following acute alkaline loading has been previously re-
ported in cardiac Purkinje cells, human neutrophils, rabbit
medullary collecting duct cells, Madin Darby canine kidney
cells and canine proximal tubule cells [4—8]. These findings
suggest the possibility that most mammalian cells may possess
this exchanger and that one of its main functions is to prevent
pH, from increasing to abnormally high levels. Of interest is that
the Na-independent Cl/base exchanger has not been found to
contribute to pH1 recovery during acute intracellular acidifica-
tion except in one study El 7] where it contributed 20% of the
pH, recovery. Although the exact pH, dependency of the
Na-independent Cl/base exchanger was not investigated in
the present study, it is likely that as pH1 decreases, the rate of
Cl/base exchange which is normally functioning in the base
efflux direction slows down or reverses if intracellular
0H/HC03 is decreased sufficiently. For the exchanger to
contribute to the recovery of pH1 following intracellular acidi-
fication (in the absence of Nat), the rate of cellular base influx
on the anion exchanger (reversal of ClTh'base exchange) would
have to exceed the rate of H production from metabolism and
TMA CI
HEPESCO2HCO3-
7.29
pH,
6.95 1 mm
NaCI
HEPES
Amiloride 1 mM
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Fig. 7. Acute acid(flcation of pH following
the removal of NH4CI. Cells were bathed in a
solution containing C1 (119 mM), HC03 (25
mM), and NH4C1 (20 mM), in the nominal
absence of Na, pH 7.4 for 5 minutes.
Following the removal of NH4C1, pH1
decreases due to the rapid cellular efflux of
NH3. In the presence of CL (119 mM) and
HC03 (25 mM), in the absence of Na, pH
fails to recover. When the cells are exposed
to 140 m Na, pH1 recovered at a rate of
0.62 0.05 pH/mm (N = 8).
Table 3. pH1 recovery following acute acidification o f pH by NH4CI prepulsea
Sodium 140 m Sodium free
Sodium 140 m,
Amiloride 1 mi
Sodium 140 mi,
DIDS 0.5 mM
dpH1/dt
pH/mm
Minimum pH
N
0.62 0.05
6.09 0.02
7
—0.10 0•04bc
6.10 0.02
8
0.10 0.05C
6.11 0.06
9
0.45 0•04d
6.21 0.01
6
a All studies were performed in the presence of CL (119 mM) and HC03 (25 mM)b Negative sign indicates pH1 was decreasing
C p < 0.001 versus the recovery rate in the presence of Na (140 mM)
d P < 0.05 versus the recovery rate in the presence of Na (140 mM)
passive H influx. This did not occur in the present study since
following acute intracellular acidification, in the presence of
CL and HC03 and in the absence of Nat, pH1 continued to
decrease at a rate of =O.1 pH U/mm. It is also possible,
although as yet unproven, that H (0H) or 11C03 interact
cooperatively with the Nat-independent CL/base exchanger at
a separate binding site as has been described with internal H
ions and the Na/H antiporter [18]. A decrease in pH1 could
inhibit the rate of CL/base exchange to a greater extent than
would be predicted from simple Michaelis-Menten kinetics.
The magnitude of increase in pH1 induced by extracellular
CL removal in the present study was not significantly different
in HC03 versus HEPES buffered solutions. However, given
that the buffer capacity is greater in HC03 containing solu-
tions, the magnitude of base influx on the anion exchanger was
greater in the presence of HC03, demonstrating that HC03
flux exceeds the 0H flux on the exchanger, as previously
demonstrated in MDCK cells 171.
Mesangial cells possess a calcium activated CL channel
which is stimulated on exposure to angiotensin II, resulting in
cell depolarization [19]. If mesangial cells possess a significant
H/OH/HCO3 conductance, and a significant chloride con-
ductance in the absence of angiotensin II, acute extracellular
chloride removal would depolarize the membrane potential
resulting in an elevation of pH1. The finding in the present study
that removal of extracellular chloride caused pH, to increase by
0.29 0.02 pH units is compatible with this interpretation.
However, the results of the present study suggest that mesan-
gial cells do not possess a significant H/OH/HCO3 conduc-
tance. In addition, it has recently been shown that chloride
removal, under resting conditions in the absence of angiotensin
II, has no effect on cell membrane potential in rat glomerular
mesangial cells, (K. Kurokawa, personal communication) sug-
gesting that a CL/base exchanger mediates the observed
changes in pH1 and not parallel chloride and H/OH/HCO
conductances.
It has recently been demonstrated that extracellular CL
removal increases intracellular PGE2 in rat mesangial cells [20].
Elevated PGE2 has been suggested to cause a decrease in
1P3-dependent Ca12 elevation, contractility, and cell depolar-
ization following the exposure of mesangial cells to angiotensin
II [21]. Given the finding in the present study that changes in
TMA CI NaCI
CO2HCO3
7.48
pH1
6.11 1 mm
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extracellular C1 alter pHi, it would be of interest to determine
whether changes in pH1 can modify the effects of angiotensin II
on mesangial cells.
The Na/H antiporter has been found to contribute to the
recovery of pH1 following acute intracellular acidification in
numerous cell types [22J. Most of these studies have been
performed in the absence of HC03, thereby preventing poten-
tial HC03-dependent transport processes from contributing to
pH, recovery. Indeed, the rate of Na/H exchange following
acute acidification of pH, may be greater in the absence of
functioning HCO3-dependent pH1 regulatory transporters. In
the present study when exposed to HC03 (25 mM) the Na/
H exchanger in rat mesangial cells contributed to ——80% of the
pH1 recovery rate versus ——20% due to HCO3-dependent
transport processes. In the absence of HC03, the Na/H
antiporter contributed to 100% of the pH1 recovery following
acute intracellular acidification. The pH1 recovery following
intracellular acidification was entirely dependent on the pres-
ence of extracellular Nat, suggesting that mesangial cells do
not possess a Nat-independent plasma membrane H ATPase
which contributes to pH, regulation [23].
When the Na/H antiporter was inhibited with amiloride,
pH1 recovery following intracellular acidification, in the pres-
ence of HC03, was mediated by a slower Na-dependent
DIDS inhibitable process which contributed only —20% of the
total Nat-dependent pH1 recovery rate. This latter transport
process likely represents a Nat-dependent C1/base exchanger
[24]. This transporter does not contribute to the elevation of pH1
following acute C1 removal, and does not contribute to the
recovery of pH1 following acute alkaline loading, since the pH,
recovery rate was not affected by Na removal.
In summary, rat glomerular mesangial cells possess a Nat-
independent CL/base exchanger which regulates pH1 following
acute intracellular alkalinization. Na-dependent base efflux
transport processes do not contribute to pH1 regulation follow-
ing acute intracellular alkalinization. pH1 recovery following
intracellRlar acidification in the presence of HC03 is mediated
predominantly by the Na/H antiporter (—80%) and to a lesser
extent (——20%) by a stilbene inhibitable Na-coupled HC03
dependent pathway (Natdependent C1/base exchange). The
Na-independent Cl/base exchanger does not mediate the
recovery of pH, following intracellular acidification.
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